m 

V 



ENERGY-SAVING HOUSING 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to energy-saving housing 
including residential housing or various facilities including 
gymnasiums/ hospitals, convenience stores, and the like, which 
are high in airtightness and heat insulation, and can suppress 
loads on air conditioners, realize comfortable indoor 
temperatures and humidity conditions, and realize healthy 
living and working spaces. 

Description of the Related Art *^ 

in conventional housing, air conditioning is carried out 
for each room fay heating systems and cooling systems installed 
in each room. Therefore f such housing requires costs for heating 
and cooling each room, and imposes a burden on human bodies 
due to increased differences in temperature between rooms with 
air-conditioning and rooms without air-conditioning. 

Therefore, recently, housing with a floor heating device 
for heating the whole housing to reduce the differences in 
temperature between rooms has spread, Furthermore, in order 
to increase efficiency of the floor heating and cooling systems 
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and achieve energy-savings, energy-saving housing has also 
spread which is high in airtightness and heat insulation/ and 
has a programmed ventilation system, which has detailed programs 
for an air inlet and an air outlet and forcibly exchanges indoor 
air with fresh air- 

As recent energy-saving housing/ "energy-saving 
health- improving housing, wherein an energy-saving 
health -improving layer, which is comprised of a heat insulating 
layer, airtight dampproof ing layer, and charcoal layer, and 
has both energy-saving performance and health-improving 
performance, is provided inside the structures of the walls, 
ceilings, and floors of the rooms facing the outside air in 
a wooden house, an air ventilation system to which an indoor 
air circulation type heat exchanger and a health- improving duct 
with a charcoal layer are attached are mounted as an air 
conditioning system, and a wood-framed triple glass sash is 
attached to a fixture facing the outside air" , has been disclosed 
in Japanese Unexamined Patent Publication No. 1999-200646 
{hereinafter, referred to as Art A), and in addition* 
"energy-saving housing which is comprised of walls, floors, 
and ceilings using 200 mm glass wool, and provided with a heat 
exchanging type mechanical ventilation for ventilating air in 
the housing" (hereinafter, referred to as Art 3 ) or the like 




has been disclosed. 

However,- conventional energy-saving housing has the 
following problems* 

In Arts A and B, since glass wool is used for heat insulators 
for walls or the like, the gap between the inner wall and outer 
wall cannot be completely filled with the heat insulator made 
from glass wool, so that a gap remains, and since there is a 
phenomenon in that the heat insulator made from glass wool sags , 
the gap increases with the elapse of time and the heat insulating 
effect cannot be maintained for a long period of time. 
Furthermore/ the heat insulator made from glass wool is 
insufficient in the heat insulating effect as a heat insulator 
since air moves inside the heat insulator. Therefore, even if 
floor heating devices are installed in the energy-saving 
health- improving housing of Art A and the energy-saving housing 
of Art B, heat leaks from walls, gaps, and openings, so that 
efficient indoor heating cannot be obtained , and in particular, 
in the case where the housing is multistoried, heating systems 
are required for each floor in the present arts. 

SUMMARY OF THE INVENTION 
"TBS^reoent-iuscention solves the abovementioned problems 
in the prior arts, and theoB^ecrt — fe&greof is to provide 
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eTtea^xjy-saving housing , wherein comfortable temperatures and 
humidit^qonditions can be maintained throughout year with 
little energywki^le suppressing loads on cooling and heating 
devices, healthy liviag and working spaces can be realized, 
high airtightness and high ne^t insulation performance can be 
maintained for a long period o^s^time, and durability is 
excellent. 

In order to solve the abovementioned problems in the prior 
arts, the energy-saving housing of the invention is constructed 
as follows • 

Energy-saving housing according to a first aspect of the 
invention is comprised of wall parts including inner walling 
made from an organic foamed material and a heat insulator made 
from an organic foamed material, ceiling parts including inner 
walling made from an inorganic material , a heat insulator made 
from an organic foamed material provided at the ceiling parts 
or roof part/ and a floor heating device provided at least at 
the floor part of the lower floor, wherein an equivalent 
clearance area is 0.1 cmVm 2 through 0.95 cmVra 2 , preferably, 
0.3 cmVm 2 through 0.6 cmVm 2 . 

Thereby, the following actions are obtained. 
( 1 ) Since a floor heating device is provided at the floor part 
and inner walling made from an inorganic material is provided 
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for the wall parts and ceiling parts , far infrared rays generated 
from the floor part by the floor heating device are caused to 
act on molecular motion in crystal water and condensed water 
of the inner walling made from an inorganic material, whereby 
radiant heat can be obtained from the inner walling, the inside 
of the housing can be heated by both heat directly obtained 
from the floor heating device and radiant heat from the inner 
walling, loads on the floor heating device can be suppressed, 
and the indoor heating effect by the floor heating device can 
be increased. 

(2) Since an inorganic material with low heat conductivity is 
used for the inner walling of the wall parts and ceiling parts, 
heat can be accumulated at the wall parts and ceiling parte 
by far infrared rays obtained from the floor heating device, 
and therefore , heat-retention inside the housing is excellent. 

(3) since an inorganic material with a porous surface is used 
for the inner walling of the wall parts and ceiling parts, in 
accordance with differences in humidity between the outside 
air and indoor air, water vapor in the air inside the inner 
walling can be condensed and the condensed moisture inside the 
inner walling can be discharged to the air inside the housing 
as water vapor, whereby the indoor humidity can be automatically 
adjusted. 



( 4 ) Since heat insulators made from an organic foamed material 
are provided at the wall parts and the ceiling parts or roof 
part, so that the heat quantity that leaks from the wall parts r 
ceiling parts or roof part toward the outside can be suppressed, 
whereby heat insulation can be improved and the indoor 
temperature can be strictly prevented from changing due to 
influences from the outside air temperature* 
<5) The housing is formed so that the equivalent clearance area 
is 0.1 cm 2 /m z through 0.95 cmVrn 2 , preferably, 0.3 cm a /m 2 through 
0.6 eroVm 2 , and heat insulators made from an organic foamed 
material are provided at the wall parts and the ceiling parts 
or roof part, so that flowing-in of the outside air into the 
inside of the housing and flowing-out of the inside air can 
be greatly suppressed , whereby a heat loss amount can be greatly 
suppressed , indoor cooling and heating effects can be increased, 
and energy for the cooling and heating devices can be saved. 
(6) Since a floor heating device is provided at the floor part, 
different from the prior arts in which various heating devices 
are provided for each room and heating is carried out for each 
room, the whole housing can be heated by radiant heat obtained 
by the floor heating device at the floor part* 

Herein, as the inner walling made from an inorganic 
material , members with low heat conductivity, heat accumulation 



performance, incombustibility , such as plaster boards or 
concrete boards are preferably used. 

when a wellhole partes not provided between the lower 
floor' and the upf>er floor of the energy-saving housing such 
as in the case of entire two-storied housing, floor heating 
devices may be formed at ths floor parts of both lower and upper 
floors. Thereby , both lower and upper floors can be heated by 
the respective floor heating devices . In a case where a wellhole 
part is provided between the lower and upper floors, radiant 
heat generated by a floor heating device provided at the floor 
part of the lower floor passes through the wellhole part and 
heats the upper floor as well/ so that a floor heating device 
may not be provided at the floor part of the upper floor. 

As the equivalent clearance area becomes smaller than 
0 « 3 cra 2 /m 2 r the number of construct ion processes increases , costs 
tend to be excessively high, and if the area becomes smaller 
than 0". 1 cm 2 /m a , this tendency becomes conspicuous - On the other 
hand, as the equivalent clearance area becomes larger than 0.6 
cmVm 2 , the housing's airtightness lowers and the heat loss 
amount increases, so that the cooling and heating effects by 
the floor heating device and cooling device lower, it becomes 
difficult to carry out programmed ventilation, energy-savings 
become difficult, and if the area becomes larger than 0. 95 cmVm 2 , 
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this tendency becomes conspicuous. 

In energy-saving housing according to a second aspect 
of the invention, the heat transmission coefficient of the 
ceiling parts or roof part and the wall parts is 0, 1 W/m 2 K through 
0 . 7 W/m 2 K, preferably, 0.15 W/m 2 K through 0.35 w/m 2 K in the first 
aspect of the Invention. 

Thereby/ in addition to actions of the first aspect , the 
following actions can be obtained. 

( 1 ) Since the heat transmission coefficient of the ceiling parts 
or roof part and the wall parts is 0.1 W/m 2 K through 0.7 W/m a K, 
preferably, 0.15 w/m 2 K through 0.35 w/A, the heat loss amount 
from the ceiling parts or roof part and the wall parts can be 
suppressed and the indoor airtightness and heat insulation can 
be increased, and as a result, cooled or heated indoor air can 
be greatly suppressed from leaking from the ceiling parts or 
roof part and the wall parts. Therefore, cooling and heating 
effects of the cooling and heating devices inside the housing 
can be increased and energy for the cooling and heating devices 
can be saved. Furthermore, due to the low heat transmission 
coefficient, influences from the outside air temperature on 
the indoor temperature can foe suppressed. 

Herein, as the heat transmission coefficient becomes 
smaller than 0.15 w/j& 2 K, the thicknesses of the ceiling parts 



or roof part and the wall parts tend to increase and construction 
of the ceiling parts or roof part and the wall parts tend to 
become difficult- When the coefficient becomes smaller than 
0-1 W/m 2 K, this tendency becomes conspicuous, and on the other 
hand, as the heat transmission coefficient becomes higher than 
0*35 w/m 2 K, the heat loss amount from the ceiling parts or roof 
part and the wall parts increases, and the airtightness and 
heat insulation of the energy-saving housing lower, so that 
the cooling and heating effects by the floor heating device 
and cooling device lower, it becomes impossible to achieve 
energy-savings, and when the coefficient becomes higher than 
0.7 W/m 2 K, this tendency becomes conspicuous* 

The ceiling part or roof part is formed so as to have 
a heat transmission coefficient that is lower than that of the 
wall parts. This is because burdens due to sunlight and outside 
temperatures are imposed on the attic space of the ceiling parts 
or roof part* 

Energy-saving housing according to a third aspect of the 
invention further comprises a programmed ventilator for 
forcibly ventilating the whole indoor air in the first or second 
aspect of the invention • 

Thereby, the following actions are obtained in addition 
to the actions of the first or second aspect. 



(1) Since the programmed ventilator is provided/ even in the 
case where the inside of the housing is made high in airtightness 
so as to have an equivalent clearance area of 0.3 cm 2 /m 2 through 
0*6 cmVm 2 , the humidity of the inside of the housing can be 
maintained within an optimum humidity range of 40% through 60% 
throughout the year, infestation of ticks, growth of molds, 
and indoor condensation can be prevented, whereby comfortable 
living and working spaces can be realized, 

(2) Since the whole indoor air can be forcibly ventilated by 
the programmed ventilator, the air inside housing with high 
airtightness can be always exchanged with fresh air, whereby 
the indoor environment can be improved,. 

Herein, as the programmed ventilator, any type may be 
used if it comprises air inlets disposed at predetermined 
positions inside the housing, suction ports disposed in each 
room, a ventilation duct communicated with the suction ports, 
a ventilation fan communicated with the ventilation duct, an 
air outlet communicated with the ventilation fan and outside 
air, and can always maintain fresh indoor air by exchanging 
the indoor air with outside air. Or, a programmed ventilator 
with a heat exchanger or air cleaner or a programmed ventilator 
with an air cleaning filter attached to the air inlet may be 
used. Particularly, in the case of a ventilator with a heat 
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exchanger f an increase and a decrease in temperature of the 
inside can be prevented and a comfortable air temperature can 
be always maintained by ventilation. Meanwhile, in the case 
of a ventilator with an air cleaning filter or air cleaner/ 
entrance of pollen/ viruses, insects, dust, and bad odors such 
as exhaust gases into the inside of the housing can be prevented, 
and indoor odors caused by smoking or cooking and moisture 
generated from human breaths or generated in a bathroom can 
be eliminated, whereby the indoor air can be maintained to be 
clean. 

v 

Energy ^saving housing according to ja^ fourt h aspect of 
the invention further comprises a wellhole part with a wellhole 
opening proportion of 15% through 50%, preferably 20% through 
50% of the floor area of the lower floor in^any one of the first 
through third aspects of the invention . 

Thereby, in addition to the actions of the first through 
third aspects of the invention, the following actions are 
obtained - 

<1) Radiant heat from the floor heating device provided at the 
floor part of the lower floor can be transmitted to the_ upper 
floor through the wellhole part, and without providing a floor 
heating device and various heating devices for the upper floor, 
both lower and upper floors can be heated by only the floor 



heating device provided at the floor part of the lower floor , 
whereby energy-saving can be achieved* 

(2) The wall parts and ceiling parts or roof part of the 
energy-saving housing have the construction according to the 

first aspect of the invention, and a floor heating device is 
provided at the floor part of the lower floor , so that a wellhole 
part with an opening proportion of 15% through 50% , preferably 
20% through 50% of the floor area of the lower floor can be 
formed - 

Herein, the opening proportion of the wellhole part of 
the invention does not include the opening proportion of the 
stairs part. 0?his is because the necessity for floor heating 
under the stairs is low because of low floor heating efficiency 
under the stairs* 

As the opening proportion of the wellhole part becomes 
smaller than 20% of the floor area of the lower floor, 
transmission of radiant heat from the floor heating device to 
the upper floor becomes difficult, and the heating effect of 
the upper floor lowers / and as the opening proportion becomes 
higher than 50% of the floor area of the lower floor, the floor 
area of the upper floor becomes excessively narrow, and the 
living floor area becomes narrow. This is not economical and 
insufficient in practicability of the upper floor. 
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In addition, the radiant heat from the floor heating device 
is transmitted to the upper floor's ceiling part through the 
wellhole part, so that inner walling formed of an inorganic 
plate may be provided at only a portion of the ceiling part 
of the upper floor corresponding to the upper part of the wellhole 
part (a part to which the radiant heat from the floor heating 
device directly strikes)* 

Energy-saving housing according to a fifth aspect of the 
invention further comprises openings with a heat transmission 
coefficient of 1.4 W/m 2 K through 2,5 W/m 2 K in any one of the 
first through fourth aspects - 

[hereby, in addition to the actions of the first through 
fourth assets, the following actions are obtained. 
(1) Since the Kfeat transmission coefficient of the opening is 
1*4 W/m 2 K through 2Ss5w/m 2 K r the heat loss amount of the heat 
leaking from the openings^of the window parts and the door parts 
at the entrance to the ota^side can be suppressed, high 
airtightness and high heat instillation of the energy- s a vingr 
housing can be maintained, and loads oiN^ie floor heating device 
and cool ing device of the energy-saving housing can be suppres s ed , 
whereby indoor heating efficiency and coolin^ef f iciency can 
be increased by a small quantity of energy- \^ 

Herein, the openings mean the communicating portions 
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between the window parts, entrance and kitchen door, and the 
outside. 

As glass to be used for the openings such as window parts, 
a high heat insulating multi-laminated glass, a metal 
film-coated (LOW-E) heat insulating multi-laminated glass, a 
multi-laminated glass such as a paired strengthened glass which 
is coated with a metal film-coated (LOW-E ) and sealed with inert 
gases such as an argon gas, or a single plate glass doubly or 
triply provided can be used. 

As the heat transmission coefficient of the openings 
becomes smaller than 1.4 w/m 2 K, the window parts and door parts 
at the entrance and the like become heavier and difficult to 
open and close, and practicability is insufficient, and on the 
other hand, as the heat transmission coefficient of the openings 
becomes higher than 2.5W/m*K, indoor heat leaks from the openings 
to the outside and outside heat flows in the inside to increase 
the heat loss amount from the openings, and the airtightness 
and heat insulation of the energy-saving housing deteriorate, 
and therefore, condensation cannot be prevented, the cooling 
and heating effects by the floor heating device and cooling 
device lower, and it becomes impossible to achieve 
energy-savings . 

Energy-saving housing according to a sixth aspect of the 



invention is constructed so that the heat insulator at the wall 
parts and the heat insulator at the ceiling parts or roof part 
are formed of soft foamed urethane that is sprayed on structural 
boards of the outer wall sides of the wall parts and structural 
boards of the ceiling parts or roof part in any one of the first 
through fifth aspects of the invention. 

Thereby, in addition to the actions of the first through 

,Ig fifth aspects of the invention, the following actions are 

IS obtained- 

,3 ( 1 ) heat insulators of the wall parts and the ceiling parts 

f\ Q * roof part are formed from soft foamed urethane, and the 

\"*> urethane is sprayed on structural boards of the outer wall sides 

ru 

U of the wall parts and structural boards of the ceiling parts 

* c 3 

\Z or roof part, so that the soft foamed urethane can be closely 

adhered to any gaps, deterioration of the soft foamed urethane 
such as separation from the structural boards with the elapse 
of time is prevented, whereby a high heat insulating effect 
can be maintained for a long period of time, 
(2) Since the soft foamed urethane is sprayed on the structural 
boards, heat insulators with airtightness can be formed by 
spraying at the housing construction site, and this improves 
housing construction work efficiency, 

(3 ) Since the heat insulators are made from soft foamed urethane, 
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the heat insulators can be adapted to shrinkage or the like 
due to dry of the structural members and shocks of earthquakes , 
whereby cracks of the heat insulators and separation of the 
heat insulators from the structural boards and members can be 
prevented and the heat insulators become excellent in 
durability. 

Herein, as the soft foamed urethane, a polyethylene foam, 
crosslinked polyethylene foam, polypropylene foam, urea resin 
foam such as ICYNENE FOAM (Product Name, made by JCYNENE INC. ) 
or SELECTION 500 (Commercial Name) is used. Thereby, by an easy 
process of spraying soft foamed urethane on structural boards, 
heat insulators for the wall parts and the ceiling parts or 
roof part can be formed f and the heat transmission coefficient 
of the ceiling parts or roof part and the wall parts can be 
made to 0.15 W/m 2 K through 0.35 W/m 3 K, whereby construction work 
efficiency for energy-saving housing with high airtightness 
and heat insulation can be improved* The ICYNENE FOAM is 
excellent in flexibility since its foams are continuous, 
excellent in durability without deterioration due to 
ultraviolet rays and moisture/ and excellent in safety due to 
its noncombustibility, and therefore, the ICYNENE FOAM is 
preferably used. 

it is preferable that the surfaces of structural boards 
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(structural panels ) on which the soft foamed urethane Is sprayed 
is not smoothed, but is left rough. Thereby, when spraying the 
soft foamed urethane onto the structural boards , due to the 
anchoring effect of unevenness at the surfaces of the structural 
boards,, the adhesive strength of the soft foamed urethane to 
the structural boards can be increased. 

Energy-saving housing according to a seventh aspect of 
the invention is constructed so that the floor heating device 
comprises a heat accumulating layer formed at the lower part 
of the floor part and hot water pipes buried in the heat 
accumulating layer, and a reinforcing mesh which is formed into 
an equal -spaced grid and laid below the hot water pipes in any 
one of the first through sixth aspects of the invention. 

Thereby, in addition to the actions of the first through 
sixth aspects , the following actions are obtained. 
( 1 ) Since a reinforcing mesh is laid below the hot water pipes, 
by only tying the hot water pipes to the reinforcing mesh based 
on the grid of the reinforcing mesh when installing the floor 
heating device, the hot water pipes can be easily piped at equal 
pitches and piping work efficiency for the hot water pipes can 
be improved. In addition, since the hot water pipes are piped 
above the reinforcing mesh, after piping the hot water pipes, 
walking on the reinforcing mesh becomes possible without 



stepping on the hot water pipes, whereby construction work 
efficiency for the floor heating device can be improved . 
(2) Since the hot water pipes can be piped based on the grid 
of the grid-shaped reinforcing mesh, marking when piping the 
hot water pipes becomes unnecessary and piping work efficiency 
is improved, and in addition, the hot water pipes can be easily 
piped excluding the portion such as a sink which does not require 
floor heating, whereby the hot water pipes can be piped at 
necessary portions without waste. 

Herein, the grid of the reinforcing mesh is determined 
in accordance with the piping pitches of the hot water pipes , 
and is generally determined to have 100 mm through 420 mm, 
preferably 100 iratt through 150 mm pitches . Thereby, the hot water 
pipes can be laid in accordance with the grid of the reinforcing 
mesh, whereby piping work efficiency for the hot water pipes 
can be improved. 

If the grip pitches of the reinforcing mesh become smaller 
than 100 mm, it becomes difficult to bend the hot water pipes 
in accordance with the grid of the reinforcing mesh and pipe 
the hot water pipes in accordance with the reinforcing mesh, 
and therefore, it becomes impossible to improve piping work 
efficiency for the hot water pipes. On the other hand, as the 
pitches become larger than 150 mm, the pitches of piping of 
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the hot water pipes become larger, so that it becomes impossible 
to closely lay the hot water pipes , Particularly, if the pitches 
become larger than 420 mm, this tendency becomes conspicuous, 
and floor heating by the floor heating device tends to be uneven * 



1 is a principal part section of a two-storied energy-saving 



Fig. 3 is an enlarged view of the section B of Fig, 1; 
Fig. 4 is an enlarged view of the section C of Fig* 1; 
Fig. 5 is a first floor plan view showing the piping of hot 
water pipes for a floor heating device of the energy-saving 
housing of the embodiment; 

Fx^T^^j s a princ ipal part section perspective view showing 
a programmed ventilator ol Llife wuwrgy-^^aving housing of the 
embodiment ; 

J^s^Tis a principal part section showing a housing ventilation 

part of the en^rgy-saving^l iuusim j ^ Ihe embodime nt; 

Fig* 8(a) is a chart of changes in the indoor temperature and 

humidity of the energy- saving housing 1 in winter; 

Fig- 8(b) is a chart of changes in the outdoor temperature and 

humidity in winter; 



BRIEF DESCRIPTION OF THE DRAWINGS 




an embodiment; 



Fig. 2 is an enlarged view of the section A of Fig. 1; 
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Fig. 9(a) is a chart of changes in the indoor temperature and 
humidity of the energy-saving housing 1 in summer; 
Fig. 9(b) is a chart of changes in the outdoor temperature and 
humidity in summer; and 

Fig* 10 is a second floor plan view of a model house by means 
of SMASH calculation. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
{ Embodiment ) 

The energy-saving housing of the invention is explained 
hereinafter by using an example of two-storied energy-saving 
housing having a wellhole part with reference to the drawings. 

-1 is a principal part section of the two-storied 
energy- saving^tousing of the embodiment, Fig. 2 is an enlarged 
view of the section A of^Fig^l^ Fig, 3 is an enlarged view 
of the section B of Fig. 1, and FigT^^i&^n enlarged view of 
the section C of Fig. l. 

joFig. 1, the numerical reference 1 denotes the 
two-storiedfen^rgy-eaving housing of this embodiment of the 
invention. 2 denotes^th^roof part of the energy-saving housing 
1. 3A denotes the wall pai^of the second floor of the 
energy-saving housing l. 39 denotes^he^all part of the first 
floor of the energy-saving housing 1 . 4A den^fe^s the floor part 
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the second floor of the energy-saving housing 1 - 4B denotes 
th^vfloor part of the first floor of the energy-saving housing 
1 . 5A\denotes the ceiling part of the second floor of the 
energy-saving housing 1. 5B denotes the ceiling part of the 
first floor d£ the energy-saving housing 1 . 6 denotes the window 
parts (opening^) with a heat transmission coefficient of 1.4 
W/m 2 K through 2.5 lfr>(m 2 K formed at predetermined portions of the 
wall parts 3A and 3b\ 7 denotes a wellhole part, which opens 
with an opening proportion of 15% through 50% or 20% through 
50% of the floor area of tfie first floor and communicates the 
first floor and second floor wrtslx each other* 8 denotes a housing 
ventilation part provided at the\top part of the roof part 2. 
In this embodiment/ the opening propbftion of the wellhole part 
7 does not include the opening proportion of the stairs. Only 
the window parts 6 are shown as opening^ however, the door 
parts (not shown) of the entrance, kitchen\ and the like are 
also regarded as openings, and are formed so\as zo have the 
same heat transmission coefficient of 1-4 W/m^K^ through 2*5 
W/m 2 K as that of the window parts 6, 

Herein , the energy-saving housing 1 in this embodiment 
is formed so as to have an equivalent clearance area of 0.3 
cmVm* through 0.6 cmVra 2 . 

Ta^-T^?, Q Hpnntnff nnt^y rnnf part «if thf> Mi=M* SS£&* 
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straight covered roof part 2. 10a denotes a structural board 
forN^he roof part 2 composed of structural plywood disposed 
at the\ower surface {the ceiling part 5A side) of the outer 
roof part\. 10b denotes a structural board for the roof part 
2 composed orvstructural plywood that is disposed below the 
structural board\l0a via a ventilation layer 11 of the roof 
part 2 formed at the\lower part of the structural board 10a.. 
12a denotes a heat insulator for the roof part 2 made from soft 
foamed urethane of an orgknic foamed material sprayed on the 
lower surface of the structural board 10b, 12b denotes a heat 
insulator made from soft f oamedv^rethane of an organic foamed 
material sprayed on the wall part 3A side between the roof part 
2 and the ceiling part 5A of the sedpnd floor. 13 denotes an 
eave edge intake louver formed so as t?Q be communicated with 
the ventilation layer 11 at the edge of the eaves of the roof 
part 2-14 denotes a gutter provided below tfte eave edge intake 
louver 13 at the edge of the eaves of the roof part 2, 

^1*5 denotes outer walling for the wall parts 3A and 3B. 
16 denotesV^ntilation layers of the wall parts 3A and 3B formed 
at the inner sx&^from the outer walling 15, 16a denotes an 
eave soffit edge portion formed so as to be communicated with 
the ventilation layer 16 at th^upper end part of the ventilation 
layer 16 below the roof part 2. IXdenotes windbreak moisture 
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irmeative sheets for wall parts 3A and 3B, which are disposed 



at thes^ner sides from the outer walling 15 via the ventilation 
layers 16\and formed of synthetic resin sheets or films. 18 
denotes structural boards for the wall parts 3A and 3B, which 
are provided atN^he inner side from the windbreak moisture 
permeative sheet 17 ahd formed of structural plywood . 1 9 denotes 
heat insulators for the\wall parts 3A and 3B, which are made 
from soft foamed urethane 6%an organic foamed material sprayed 
on the back surfaces of the structural boards 18- 20a denotes 
inner walling for the wall part 3Aid^de from an inorganic material 
such as a double plaster board provided at the inner side of 
the heat insulator 19, 21a denotes inn^r walling made from an 
inorganic material such as a plaster board provided at the inner 
side of the ceiling part 5A of the secondNf loor , 

Fig. 3/ 20b denotes inner walling for the wall part 
3B made fmaaan inorganic material such as a plaster board 
provided at the inner side of the heat insulator 19 of the wall 
part 3B. 21b denotesHnner walling which is doubly provided 
and made from an inorganite N material such as a plaster board 
provided at the inner side of the ceiling part 5B of the first 
floor. 22 denotes a heat insulatorraadbf rom soft foamed urethane 
of an organic foamed material sprayed orN^ie wall part 3B side 
(heat insulator 19) between the floor partNlA of the second 
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floor and the ceiling part 5B of the first floor, 23 denotes 
a wooden floor of the floor part 4 A of the second floor. 2 4 
denotes a structural board formed of structural plywood provided 
at the lower surface (first floor side) of the wooden floor 
23. 25 denotes a sound insulation board provided on the lower 
surface of the structural board 24. 26 denotes a structural 
board formed of structural plywood provided on the lower surface 
of the sound insulation board 25 . 27a denotes an airtight packing 
made from rubber or a high density foamed resin of independent 
foams, which is provided on the lower surface of the structural 
board 24 of the floor part 4A at the side of the wall parts 
3A and 3B. 27b denotes a structural member (frame) provided 
on the lower surface of the airtight packing 27a, 

u Fig. 4, 28 denotes the foundation of the energy-saving 
housing 1 /^a^denotes a dampproof ing sheet provided on the upper 
end face of theN^undation 28. 30a denotes an airtight packing 
provided between structure members (groundsels) 30b between 
the dampproof ing sheet 1^9 and the lower end part of the heat 
insulator 19 of the wall pak3B. 31 denotes a draining part 
formed at the lower end part ofN^ie ventilation layer 16 at 
the upper side of the foundation 28 so as to be communicated 
with the ventilation layer 16,32 denotes asfloor heating device 
formed at the lower side of the floor part\B. 3 3 denotes a 
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shilling layer for the floor heating device 32 formed by filling 
gravel and decomposed granite soil on the ground, 34 denotes 
a heafc insulator for the floor heating device 32 formed of a 
plate-shaped foamed member provided by a predetermined length 
above theNfilling layer 33. 35 denotes an upper filling layer 
for the f loot heating device 32 filled above the heat insulator 
34. 36 denotes>a dampproof ing sheet for the floor heating device 
32 spread on thet upper surface of the upper filling layer 35. 
3 7 denotes a f loot mold concrete layer for the floor heating 
device 32 providedNon the dampproof ing sheet 36. 38 denotes 
a dampproofing sheet\for the floor heating device 32 spread 
on the upper surface ok the floor mold concrete layer 37. 39 
denotes a heat insulator for the floor heating device 32 formed 
of a plate-shaped foamed member provided on the dampproofing 
sheet 38- 40 denotes a heat insulator provided between the heat 
insulators 34 and 39 along the foundation 28. 41 denotes a heat 
accumulating layer for the floor Seating device 32 formed from 
mortar or concrete formed on the he\t insulator 39- 42 denotes 
a reinforcing mesh which is formed Vnto a grid shape having 
equal pitches of 100 mm through 150 iraiKand buried in the heat 
accumulating layer 41. 43 denotes hot water pipes formed of 
polybutene pipes with a diameter of 16 mm r which are piped above 
the reinforcing mesh 42 based on the grid of the reinforcing 
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N^esh 42 and buried in the heat accumulating layer 41.44 denotes 
plywood provided at the end of the wall part 3B side of the 
heat accuniti^ating layer 41.45 denotes a felt shrinkage absorber 
formed from fibers of palms provided between the plywood 44 
and structure membeK30b. 4 6 denotes a floor substrate plywood 
for the floor part 4B pro^^ded on the upper surface of the heat 
accumulating layer 41 of the fiqor heating device 32. 47 denotes 
flooring for the floor part 4B provided on the upper surface 

of the floor substrate plywood 4$. 

In a case where the construction ground of the 

energy-saving housing 1 is soft, a concrete layer is formed 

under the filling layer 33 to reinforce the ground and 

foundation. 

Herein, in this embodiment, a paired strengthened glass 
with a metal film coat (LOW-E) and an argon gas sealed-in is 
used for the window part 6, and the heat transmission coefficient 
of the window part 6 is set to 2.5 W/m*K or 1 . 7 W/m 2 K. 

In this embodiment, as the heat insulators 12a, 12b, 19, 
and 22 made from soft foamed urethane of an organic foamed 
material for the roof part 2 and wall parts 3Aand 3B, the ICYNENB 
FOAM (product name, made by ICYNENE INC. ) is used, and the heat 
transmission coefficient of the roof part 2 is set to 0 . 15 w/m 2 K 
and the heat transmission coefficient of the wall parts 3A and 
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3B is set to 0.35 W/m 2 K, In addition, in place of the ICYNENE 
FOAM, a polyethylene foam, crosslinked polyethylene, 
polypropylene foam, polyurethane foam, and urea resin foam such 
as SELECTION 500 {commercial name) may be used. Thereby, by only 
spraying the ICYNENE FOAM by a predetermined thickness on the 
structural boards 10b and 18 and others, heat insulators with 
airtightness can be easily formed at necessary portions at the* 
construction site, construction work efficiency can be improved 
and the roof part 2 and wall parts 3A and 3B with high heat 
insulation are realized. 

Furthermore, in this embodiment, as inner walling 2 0a, 
20b, 21a, and 21b made from an inorganic material for the wall 
parts 3A and 3B and ceiling parts 5A and 5B, noncombustible 
materials having a low heat conductivity and heat accumulation 
such as plaster boards and concrete boards are used. Thereby, 
far infrared rays obtained from the floor heating device 32 
can be radiated by the wall parts 3 A and 3B and ceiling parts 
SAand 5B, and by the radiant heat, the inside of the energy-saving 
housing 1 can be heated and heat can be accumulated at the ceiling 
parts 3A and 3B and ceiling parts 5A and 5B to improve heat 
retention inside the housing* Furthermore, since the inner 
walling 2 0a, 20b, 21a, and 21b have a number of micro aperture 
parts at the surface, in accordance with a difference in humidity 
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between the outside air and indoor air, vapor in the indoor 
air can be condensed and the condensed vapor can be discharged 
into the indoor air as vapor, whereby automatic humidity 
adjustments can be made, and safety against fires can be 
obtained. 

Furthermore, in the energy-saving housing 1, on the indoor 
side surfaces of the inner walling 20a , 20b, 21a and 21b, a 
wallpaper of clothed fibers, for example, tafit Cloth 
(commercial name) made from viscose fibers by Asahi Kasei or 
wood slabs of paulownia, sun tree, pine, cedar, and others are 
adhered . 

/ "0»<the upper surface of the structural board 10a F a 
waterproofing sK&et-i^spr ead , and then tile and others are 
placed thereon. 

Next, the piping of the hot water pipes 43 of the floor 
heating device 32 installed at the floor part 4B is explained 
hereinafter with reference to the drawings. 

Fig. 5 is a first floor plan view showing the piping of 
the hot water pipes of the floor heating device of the 
energy-saving housing in this embodiment- 

£he figure, the numerical reference 48 denotes a boiler 
for the floor hating device 32 installed outdoors. 49 denotes 
a pump for supplying hot^a^r to the hot water pipes 43. 50 
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"^a^jiotes a supply pipe which is connected to boiler 48 via pump 
49 and^sAi^plies hot water to the respective hot water pipes 
> 43 in each di*?^ction- 51 denotes a collecting pipe (header) 
to which the respecb^jre hot water pipes 43 are connected, 52 
denotes a returning pipe wftiqh is connected to the collecting 
pipe 51 and boiler 48, and returnslib^water that has circulated 
in the respective hot water pipes 43 to^felte boiler 48. 

The number of hot water pipes 43 to be provided is one 
or a multiple depending on the first floor area and arrangement , 
and both ends of each hot water pipe 43 are connected to the 
supply pipe 50 and collecting pipe 51. When only one hot water 
pipe 43 is used, the collecting pipe 51 is not necessary, and 
the hot water pipe 4 3 is directly connected to the returning 
pipe 52. 

Herein, in this embodiment , as shown in Fig. 5 r the hot 
water pipes 43 are also provided at a wash area of a bathroom, 
3 toilet, and closets. Thereby, differences in temperature 
between the bathroom, toilet, and closets and the respective 
rooms can be eliminated, whereby condensation and propagation 
of mold in the bathroom, toilet/ and closets can be prevented. 
When the floor heating device 32 is installed at the lower 
portion of the floor part 4B, as shown in Fig- 4, the filling 
layer 33 is formed by filling gravel and decomposed granite 
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soil on the ground, and then, heat insulators 34 and 40 formed 
of plate-shaped foamed members are installed along the upper 
side of the filling layer 33 and the side of the foundation 
28. Then, the upper filling layer 35 is formed above the heat 
insulator 34 , and after smoothing the upper surface of the layer 
while pressing it, the dampproof ing sheet 3 6 is spread on the 
upper surface of the upper filling layer 35. Then, the floor 
mold concrete layer 37 is provided on the dampproof ing sheet 
36 and dried, and thereafter, the dampproof ing sheet 38 is spread 
on the upper surface of the floor mold concrete layer 37. Then, 
the heat insulator 39 formed of a plate-shaped foamed member 
is provided above the dampproof ing sheet 38. 

en, shrinkage absorber 45 and plywood 44 are stood on 
the heat in^^ator 39 along the structure member 30b, the heat 
accumulating layfex^l made from mortar or concrete is formed 
by a predetermined thib^ness on the heat insulator 39, and then 
the reinforcing mesh 42 fofciqed into an equal-spaced grid is 
laid above the heat accumulatin^Klayer 41. Next, as shown in 
Fig. 5, the hot water pipes 43 are pl>ged into a swirl pattern 
based on the grid of the reinforcing mesh^ from the position 
of the wall part side on which the outs ide air gr^t ly influences , 
and the hot water pipes 43 are tied and fixed to th^Nreinforcing 
mesh 42* Herein, the hot water pipes 43 are piped, as shown 
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in Fig, 5, for the entire first floor excluding sections for 
which objects are placed on and floor heating is not necessary- 
such as the sink in the kitchen and the location of the bathtub. 

Thereafter, the heat accumulating layer 41 made from 
mortar or concrete is formed by a predetermined thickness above 
the reinforcing mesh 42 and hot water pipes 43/ whereby a floor 
heating device 32 is formed. 

Next/ the heating effect in the energy-saving housing 
1 by the floor heating device 32 is explained below. 

When the floor heating device 32 operates/ hot water 
circulates in the hot water pipes 43, the heat accumulating 
layer 41 is heated by the heat of hot water flowing in the hot 
water pipes 43/ whereby heat is accumulated in the heat 
accumulating layer 41 and the floor part 4B is warmed. When 
the floor part 4B is warmed/ far infrared rays are generated 
from the floor part 4B and act on the molecular motion of crystal 
water or the like of the inner walling 20b and 21b made from 
an inorganic material at the wall part 3B and the ceiling part 
5B of the first floor. As a result/ heat is accumulated in the 
inner walling 20b and 21b and heat is radiated from the inner 
walling 20b and 21b/ whereby the entirety of the inside of the 
first floor of the energy-saving housing 1 is heated by the 
radiant heat. 
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Furthermore, since the energy-saving housing l comprises 
the wellhole part 7 opening at an opening proportion of 15% 
through 50% or 20% through 50% of the first floor area, the 
radiant heat of the first floor is transmitted to the second 
floor through the wellhole part 7, and far infrared rays 
generated from the floor part 4B at the lower side of the wellhole 
part 7 strike the inner walling 21a made from an inorganic 
material at the second floor ceiling part 5a through the wellhole 
part 7, whereby heat is accumulated in the inner walling 21a 
and radiated. The radiant heat strikes the inner walling 20a 
made from an inorganic material at the second floor wall part 
3A, and furthermore , heat is also accumulated in the inner 
walling 20a and radiated, whereby the inside of the whole second 
floor of the energy-saving housing 1 is also heated by the radiant 
heat . 

Herein, the inner walling 21a made from an inorganic 
material at the second floor ceiling part 5A may be provided 
at only a portion of the ceiling part 5A facing the wellhole 
part 7 (ceiling part 5A at the upper side of the wellhole part 
7). If the inner walling 21a made from an inorganic material 
is provided at least at the portion facing the wellhole part 
7 , radiant heat of far infrared rays generated from the floor 
part 4B can be received, accumulated, and radiated by the inner 
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walling 21a at the ceiling part 5A, whereby the second floor 
can be also heated by the radiant heat. 

partitioning walls for the second f loor, inner walling 
made from^an inorganic material as the wall parts 3A and 3B 
is preferably usfed^Thereby / the radiant heat from the floor 
heating device 32 of tnfe*<irst floor can be accumulated in the 
partitioning walls and the ra^i^nt heat can be obtained from 
the partitioning walls, and this irapr&v^s heating efficiency 
and heating performance of the second floorX. 

Next f a programmed ventilator of the energy-saving hous ing 
1 in this embodiment is explained below with reference to the 
drawings , 

Fig. 6 is a principal part section perspective view showing 
the programmed ventilator of the energy-saving housing of the 
embodiment, 

the figure, the numerical reference 53 denotes air 
inlets of rae programmed ventilator formed in predetermined 
wall surfaces of^ach floor of the energy-saving housing 1 so 
as to be comunicatedVjth the outdoor air* 54 denotes suction 
ports of the programmed v^tilator formed at predetermined 
positions of the ceiling parts S^and 5B inside the respective 
first and second floors of the ener^saving housing 1- 55 
denotes ventilation ducts of the programmed ventilator provided 
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"iQthe attic of each floor and communicated with the respective 
sucti^b B orts54 . 56 denotes branching portions of the programmed 
ventilator whd<ch are provided on the attic of each floor and 
to which the respte<^tive ventilation ducts 55 are connected. 
57 denotes a ventilation fan of the programmed ventilator 
provided on the attic of the first floor and connected to the 
respective branching portions 5*§via the ventilation ducts 55 ♦ 
5 8 denotes an air outlet of the programmed ventilator which 
is connected to the ventilation fan 57 vlkthe ventilation ducts 
55 and formed at a predetermined position\n the outer wall 
of the energy-saving housing 1, 

Furthermore, the arrows a in the figure show outdoor air 
intake via the air inlets 53 , the arrows b show air suction 
of the inside of each floor via each suction port 54, and the 
arrow c shows exhaustion of the inside air of each room suctioned 
via each suction port 54 to the outside via the air outlet 58. 

In place of the ventilation fan 57, a heat exchanging 
ventilation device with a heat exchanger may be used, and air 
cleaning filters may be provided at the air inlets 53. 

In the case where a heat exchanging ventilation device 
is used, the indoor temperature can be prevented from changing 
by indoor ventilation , whereby the indoor temperature can be 
maintained to be always fixed and the indoor environment can 
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be made comfortable* In the case where air cleaning filters 
are provided at the air inlets 53 r entrance of pollen, insects, 
viruses , dust, and bad odors such as exhaust gases within the 
outdoor air can be prevented , and indoor odors due to cooking, 
smoking and the like and moisture in the bathroom and moisture 
generated by human breathing can be eliminated, and this improves 
sanitation of the indoor environment. 

Next, the action of the programmed ventilation inside 
the energy-saving housing 1 using the programmed ventilator 
in the embodiment is explained below, 

when the ventilation fan 57 is driven, the indoor air 
is suctioned via each suction port 54, and at the same time, 
outdoor air is taken-in via the air inlets 53* Thereby, the 
indoor air is exchanged with the outdoor air to ventilate the 
indoor air. The indoor air suctioned via the suction ports 54 
are exhausted to the outside via the air outlet 58 through the 
ventilation ducts 55, branching portions 56, and ventilation 
fan 57. 

Next, ventilation of the wall parts 3A and 3B and roof 
part 2 of the energy-saving housing 1 in the embodiment is 
explained below with reference to the drawing* 

Fig. 7 is a principal part section showing the housing 
ventilation portion of the energy-saving housing in the 
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embodiment. , 

11 the figure, 59 denotes a ventilation communicating 
portion wlH^h opens at the top part of the roof part 2 and 
communicates the ventilation layer 11 and housing ventilation 
portion 8, 60 derkjtes ventilation passages of the housing 
ventilation portion communicated with the ventilation 
communicating portion 59Xand 61 denotes an exftaust Opening 
communicated with the ventilation passages 60 and formed to 
open at the upper surface of the housing ventilation portion 
8, The arrows in the figure show the rl^ws of the outdoor air 
entering through the ventilation layer r4\- 

At the roof part 2 of the energy-saving housing 1, the 
outdoor air flows into the ventilation layer 11 from the eave 
edge intake louver 13 (see Fig. 2) which is formed between the 
structural boards 10a and 10b and communicated with the 
ventilation layer 11. The outdoor air flowing into the 
ventilation layer 11 flows into the housing ventilation portion 
8 from the ventilation communicating portion 59 through the 
ventilation layer 11 as shown by the arrows in Fig. 7, and then 
passes through the ventilation passage 60 of the housing 
ventilation portion 8 and is exhausted to the outside from the 
exhaust opening 61. 

At the wall part© 3A and 3B of the energy-saving housing 



1/ outdoor air flows into the ventilation layer 16 from the 
draining part 31 (see Fig. 4) communicated with the lower end 
part of the ventilation layer 16- The outdoor air flowing-into 
the ventilation layer 16 passes through the ventilation layer 
16 and is exhausted to the outside from the eave Soffit edge 
portion 16a (see Fig. 2 ) formed and communicated with the upper 
end part of the ventilation layer 16. 

In the energy-saving housing 1 of the embodiment, the 
case where the heat insulator 12a of an organic foamed material 
made from soft foamed urethane is sprayed on the lower surface 
of structural plywood 10b of the roof part 2 is explained. However/ 
in place of forming the heat insulator 12a at the roof part 
2, structural plywood may be provided at the upper surfaces 
(attic side) of the inner walling 21a of the ceiling parts 5A 
and 5B, made from an inorganic material, and an organic foamed 
material made from soft foamed urethane may be sprayed on the 
structural plywood to form heat insulation layers at the ceiling 
parts 5A and 5B. 

The energy ^-saving housing of the embodiment is constructed 
as mentioned above, and has the following actions. 
(1) Since the floor heating device is provided at the floor 
part of the first floor, and the wall part and ceiling part 
are provided with inner walling made from an inorganic material , 



far infrared rays generated from the floor part by the floor 
heating device strike the inner walling, whereby heat can be 
accumulated in the inner walling and radiated by the inner 
walling, and as a result, both the heating effect directly 
obtained from the floor by the floor heating device and the 
heating effect by means of radiant heat from the inner walling 
at the wall part and ceiling part are obtained. Therefore, 
different from the conventional example, without relying on 
only the direct heating effect from the floor heating device, 
the radiant heat is also utilized to heat the entirety of the 
inside, and accordingly, the whole of the housing can be 
efficiently heated by a small amount of energy while suppressing 
loads on heating devices. 

(2) A noncombu st ible member having a low heat conductivity and 
having heat accumulating performance such as a plaster board 
or concrete board is used for the inner walling, so that the 
inside of the energy-saving housing can be heated by radiant 
heat obtained by radiating far infrared rays from the wall parts 
and ceiling parts by the floor heating device, and heat can 
be accumulated at the wall parts and ceiling parts - This improves 
the indoor heat retention, and improves safety against fires . 
Furthermore, at the first floor ceiling part and second floor 
wall part at which the inner walling is doubly provided, the 
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heat accumulating performance of the inner walling is improved, 
and sound insulation performance is also improved. 
(3) The heat insulators are formed of organic foamed materials 
made from soft foamed urethane sprayed on the structural boards 
for the wall parts and roof part, so that the heat insulation 
of the wall parts and roof part is excellent, and the indoor 
temperature can be greatly prevented from changing due to 
influences from the outdoor temperature, whereby a comfortable 
indoor temperature condition can be maintained. 
(4) Since the heat insulators at the wall parts and roof part 
are formed from soft foamed urethane sprayed on the structural 
boards, heat insulation layers with airtightness can be easily 
formed at necessary portions by spraying soft foamed urethane 
at the housing construction site, and this improves construction 
work efficiency for the wall parts and roof part, 
(5) Since soft foamed urethane (ICYNENE FOAM) is used for the 
heat insulators and heat insulation layers are formed by spraying 
it, the soft foamed urethane can be closely adhered in any space, 
high heat insulation performance can be realized, and the soft 
foamed urethane can be prevented from deteriorating such as 
separating from structural boards due to changes with the elapse 
of time, whereby a high heat insulating effect can be maintained 
for a long period of time and excellent durability is obtained. 
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( 6 ) Since the heat insulators are made from soft foamed urethane, 
the heat insulators are excellent in elasticity, and can adapt 
to shrinkage due to shocks of earthquakes and dryness of the 
structural members, and the heat insulators can be prevented 
from cracking, separating from the structural members and boards, 
and being damaged f whereby the heat insulators are excellent 
in durability, and since their high heat insulation and airtight 
performance can be maintained for a long period of time, 
excellent durability in heat insulation and airtightness can 
be obtained, 

(7) Since soft foamed urethane is used for the heat insulators 
and the heat transmission coefficient of the roof part and wall 
parts is set to 0*15 W/m 2 K through 0*35 W/m 2 K, the heat loss 
amount from the roof part and wall parts can be suppressed, 
indoor airtightness and indoor heat insulation performance can 
be improved. As a result, leakage of cooled or heated air inside 
the housing from the roof part and wall parts can be greatly 
prevented, whereby energy for cooling devices and the floor 
heating device can be saved. 

(8) The energy-saving housing is constructed so that the 
equivalent clearance area becomes 0.3 cm 2 /m 2 through 0.6 cm 2 /m 2 , 
the heat transmission coefficient at the wall parts and roof 
part with heat insulators becomes 0 * 15 W/m 2 K through 0.35 W/m 2 K, 



40 



and the heat: transmission coefficient at the window part becomes 
1.4 W/m 2 K through 2 • 5 W/in 2 K . Therefore , the energy-saving hous ing 
is excellent in airtightness and heat insulation performance, 
and the heat loss coefficient of the energy-saving housing can 
be suppressed to 1.4 W/m a K or less. As a result, indoor cooling 
and heating effects can be increased, and energy for cooling 
devices and the floor heating device can be saved. 
(9) Since a floor heating device is provided at the floor part 
of the first floor, and a wellhole part with an opening proportion 
of 15% through 50% or 20% through 50% of the first floor area 
is provided, by only heating the first floor with the floor 
heating device , radiant heat can be obtained by striking far 
infrared rays generated from the floor part of the first floor 
by the floor heating device on the inner walling that is made 
from an inorganic material at the ceiling and wall faces of 
the second floor through the wellhole part, and the radiant 
heat heating the first floor can be transmitted to the second 
floor through the wellhole part, whereby the second floor can 
be also heated by the radiant heat from the floor heating device 
at the first floor. Therefore, different from the conventional 
example, it is not required to provide various heating devices 
for each room, and the inside of the housing can be heated by 
only the floor heating device of the first floor, whereby energy 
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for heating can be saved. 

(10) A reinforcing mesh shaped into an equal-spaced grid is 
provided for the heat accumulating layer of the floor heating 
device, and hot water pipes are piped above the reinforcing 
mesh. Therefore, by only laying the hot water pipes based on 
the grid of the reinforcing mesh and tying and fixing the pipes 
to the reinforcing mesh when constructing the floor heating 
device, hot water pipes can be easily piped at only necessary 
locations, whereby conventional works such as marking for 
detexmining piping positions of the hot water pipes become 
unnecessary. This improves piping work efficiency for the hot 
water pipes. 

(11) Since the hot water pipes are piped above the reinforcing 
mesh, after piping the hot water pipes, walking on the 
reinforcing mesh is possible while avoiding the laid hot water 
pipes, and therefore, construction work efficiency for the floor 
heating device can be improved - 

(12) Since a felt shrinkage absorber made from palm fibers is 
provided at the outer periphery of the heat accumulating layer 
of the floor heating device, shrinkage of the heat accumulating 
layer and structural members due to changes in temperature of 
the heat accumulating layer can be absorbed by the shrinkage 
absorber/ and this prevents the foundation section of the 



energy-saving housing from deforming, 

(13) Since the hot water pipes for the floor heating device 
are arranged in a swirl pattern from a wall part side position 
which the outdoor air greatly influences, hot water with a high 
temperature supplied from the boiler can toe supplied to the 
wall part side near the outdoor air. As a result, almost the 
whole face of the floor part can be evenly heated by the floor 
heating device, and this improves the heating performance, 
(14) Since a programmed ventilator for forcibly ventilating 
the indoor air is provided, even inside a room with high 
airtightness whose equivalent clearance area is 0,3 cmVm 2 
through 0.6 cmVra 2 , air inside the room can be ventilated and 
exchanged with the outdoor air and the indoor environment 
including the indoor humidity or the like can be maintained 
to be comfortable. Particularly, by ventilation suitable for 
the housing such as 24-hour ventilation and regulated 
ventilation in the morning and evening, the indoor humidity 
can be maintained to be in an optimum humidity range of 40% 
through 60% throughout the year, and this prevents propagation 
of mold and ticks and indoor condensation and realizes 
comfortable living and working spaces, 

(15) Since the roof part is provided with a ventilation layer 
and an eave edge intake louver, and a housing ventilation portion 
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communicated with the ventilation layer is provided, by causing 
the outdoor air to flow in the ventilation layer from the eave 
edge intake louver and exhausting the air from the housing 
ventilation portion, air can be always caused to flow inside 
the roof part. As a result, condensation in the attic space 
can be prevented, durability of the structural boards and heat 
insulators for the roof part can be improved, and a lowering 
in the performance of the heat insulators can be prevented* 
Particularly , the temperature can be prevented from increasing 
in the attic space during the summer season, and loads on cooling 
devices can be suppressed while the cooling effect by the cooling 
devices is increased, whereby energy for cooling devices can 
be saved. 

(16) Since wall parts are provided with a ventilation layer, 
and a draining portion communicated with the lower end part 
of the ventilation layer and an eave soffit edge portion 
communicated with the upper end part of the ventilation layer 
are provided, the outdoor air can be caused to flow into the 
ventilation layer from the draining portion and exhausted from 
the eave soffit edge portion, whereby air can be made to always 
flow inside the wall parts. This prevents condensation and 
propagation of molds inside the wall parts, improves the 
durability of the structural boards and heat insulators at the 



wall parts, and prevents a lowering in performance of the heat 
insulators. 

(17) In summer season, by making water to flow into the hot 
water pipes of the floor heating device, feet can be cooled 
and the cooling effect can be increased. 

(Experimental example) 

The indoor temperature and humidity in summer and winter 
in the energy-saving housing of the invention constructed in 
the same manner as the energy-saving housing 1 of this embodiment 
and the outdoor temperature and humidity on the same days were 
measured for one week. 

Fig. 8(a) is a chart of changes in the indoor temperature 
and humidity in winter in the energy-saving housing 1, Fig. 
8 (b) is a chart of changes in the outdoor temperature and humidity 
in winter. Pig. 9(a) is a chart of changes in the indoor 
temperature and humidity in summer in the energy-saving housing 
l f and Pig. 9(b) is a chart of changes in the outdoor temperature 
and humidity in summer. 

The axes of abscissas of Figs. 8 and Figs. 9 show the 
dates of measurements, the axes of ordinates at the upper sides 
show the indoor temperatures <°C) , and the axes of ordinates 
at the lower sides show the indoor humidity (%). 



45 




From Figs. 8, it can be understood that the indoor 
temperature is maintained at approximately 20 'c even when the 
outside temperature is 0"C in winter. Furthermore, it can also 
be understood that the indoor humidity is constantly maintained 
at approximately 40% within the optimum humidity range although 
the outside humidity greatly changes. 

Furthermore, from Figs. 9, it can be understood that the 
indoor temperature is maintained at approximately 25 °C even 
when the outdoor temperature exceeds 30 °C in summer. It can 
also be understood that the indoor humidity is constantly 
maintained at approximately 60% within the optimum humidity 
range although the outdoor humidity greatly changes. 

From the abovementioned results, it was proved that the 
energy-saving housing of the invention is excellent in 
airtightness and heat insulation performance, and can maintain 
comfortable temperature and humidity environments throughout 
the year without being influenced by outdoor temperatures and 
humidity „ and realize healthy comfortable living and working 
spaces . 

(Demonstration of experimental results) 

The yearly heating and cooling load of the energy-saving 
housing of the invention was evaluated at the Builders System 
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Institution by using a heat load calculation program "SMASH" 
of the Institute for Building Environment And Energy 
Conservation . 

Fig- 10 is a second floor plan view of a model house by 
means of the SMASH calculation. The first floor plan view of 
the model house by means of the SMASH calculation is similar 
to Fig. 5, Herein r the total floor area of the model house is 
149.06 m 3 , air volume is 401.88 m 3 , first floor area is 82*81 
m 2 , ceiling area is 14 9.06 m 2 , outer wall area is 14 7.3 m 2 , the 
opening area at the window parts is 38.02 m 2 , opening at the 
door parts is 4.62 m 2 , the heat transmission coefficient at 
the window parts is 2.00 W/m 2 K, and the heat transmission 
coefficient at the door parts is 2,11 W/m 2 K* 

Regarding the model house shown by Fig, 5 and Fig. 10 r 
SMASH calculation is carried out for four types, that is, a 
type (Hi) which is constructed by means of a conventional 
structure and provided with heat insulators made from the ICYNENE 
FOAM at the wall parts and roof part as in the embodiment, a 
type (H2) which is constructed by means of a conventional 
structure and provided with heat insulators made from the ICYNENE 
FOAM at the wall parts and ceiling part, a type (H3) which is 
constructed by means of frame construction and provided with 
heat insulators made from the ICYNENE FOam at the wall parts 
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and roof part as in the embodiment, and a type (H4) which is 
constructed by means of frame construction and provided with 
heat insulators made from the ICYMENE FOAM at the wall parts 
and ceiling part. 

Conditions for SMASH calculation are set as follows. 

(1) weather data to be used shall be FUKUOKA's. 

{2) The heating period shall be the whole period with 
a daily mean air temperature of 15 °C or lower, 

(3) The cooling period shall be the whole period other 
than the heating period* 

(4) Continuous heating and cooling are carried out for 
all rooms . 

(5) Heating shall beset to 18 *C or higher, and the humidity 
shall be natural, 

(6) Cooling shall be set to 2 7 D C or lower , and the relative 
humidity shall be 60% or lower. 

(7) The sensible heat amount and latent heat amount 
generated indoors are set to be always evenly fixed from the 
total floor area, wherein the sensible heat amount shall be 
691.47 w, and the latent heat amount shall be 173,90 W. The 
heat quantity generated from humans existing in the house and 
lighting are assumed to be zero. 

(8) when the outside air temperature is 25 °C or lower, 
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ventilation shall be carried out without cooling. 

The SMASH calculation was carried out under the 
abovementioned conditions. As a result, the yearly heating and 
cooling load of Hi was 341*87 MJ/m 2 , the yearly heating and 
cooling load of the H2 was 318,51 MJ/m 2 , the yearly heating 
and cooling load of H3 was 343.54 MJ/nr 3 , and the yearly heating 
and cooling load of H4 was 320.14 MJ/ra 3 , and an evaluation was 
made wherein the yearly heating and cooling loads in all cases 
were within the range of 318 MJ/m 2 through 344 MJ/m 2 , and were 
lower than the standard value 4 60 WJ/ra 2 of FUKUOKA's yearly 
heating and cooling load as a next generation energy-saving 
standard, and therefore, the energy-saving housing of the 
invention has performance superior to the next generation 
energy-saving standards. 

As mentioned above, the energy-saving housing of the 
invention can realize the following excellent effects. 

According to the first aspect of the invention: 
{ 1 ) Since a floor heating device is provided at the floor part 
and inner walling made from an inorganic material is provided 
for the wall parts and ceiling parts, far infrared rays generated 
froin the floor part by the floor heating device can be caused 
to act on molecular motion in crystal water or the like of the 
inner walling made from an inorganic material, and as a result, 



49 



# • 



radiant heat can be obtained from the inner walling. Therefore, 
the inside of the housing can be heated by both the heating 
effect of heat directly obtained from the floor heating device 
and the heating effect of radiant heat , whereby the total heating 
effect is excellent. Therefore, different from the conventional 
example, without relying on only the direct heating effect of 
J3 the floor heating device, radiant heat can be utilized to heat 

; ft 

CO the whole inside of the housing, loads on the floor heating 

q device can bo greatly suppressed, and the whole inside of the 

'Sf 

iy housing can be efficiently heated by a small amount of energy, 

U whereby energy-savings can be realized, 

I'lj ( 2 ) Since inner walling made from an inorganic material is 

provided, heat can be accumulated at the wall parts and ceiling 
parts by means of far infrared rays obtained from the floor 
heating device, indoor heat retention performance is excellent , 
and loads on the floor heating device can be greatly suppressed, 
^ whereby energy- savings can be' realized. 

,^0^(3) Since a porous an inorganifc material is used for the inner 
walling at the wall parts and4eiling parts , in accordance with 
differences in humidity between the outdoor air and indoor air, 
vapor in air inside the/inner walling can be condensed , and 
moisture condensed ins/de the inner walling can be discharged 
into the inside air af vapor. Thereby, the indoor humidity can 



be automatically adjusted, and the Indoors can be maintained 
at a stable hjjnddity and a comfortable humidity environment 
can be realized* 

(4) Since the wall parts and the ceiling parts or roof part 
are provided with heat insulators made from an organic foamed 
material, heat leakage from the wall parts and the ceiling parts 
or roof part to the outside can be greatly suppressed, heat 
insulation performance at the wall parts and the ceiling parts 
or roof part can be improved/ and as a result, changes in the 
indoor temperature due to influences from the outdoor 
temperature can be greatly suppressed, and regardless of the 
outdoor temperatures, the indoors can be maintained at a 
comfortable temperature without increasing the loads on the 
floor heating device and cooling devices. 

( 5 ) Since the energy-saving housing is constructed so that the 
equivalent clearance area is 0.1 cmVm* through 0.$5 cm 2 /m 2 , 
preferably, 0.3 cmVm 2 through 0.6 craVm 2 , and the wall parts 
and the ceiling parts or roof part are provided with heat 
insulators made from an organic foamed material so as to have 
high heat insulation performance, flowing-in of the outdoor 
air into the inside and flowing-out of the indoor air can be 
greatly suppressed. As a result, the heat loss amount of the 
energy-saving housing can be greatly suppressed, cooling and 




heating of the inside of the housing can be sufficiently carried 
out with lower cooling and heating capacities than in the 
conventional example,, and the energy-saving performance for 
cooling devices and the floor heating device are excellent. 
(6) Since a floor heating device is provided at the floor part, 
and inner walling made from an inorganic material is provided 
at the wall parts and ceiling parts, indoor heating can be 
sufficiently carried out by only the floor heating device , and 
different from the conventional example, without providing 
various heating devices for each room, an excellent 
energy-saving performance can be obtained, and changes in 
temperature between rooms as in the conventional example due 
to heating of the inside of the housing can be prevented , whereby 
healthy and comfortable living and working spaces can be 
realized. 

According to the second aspect of the invention, in 
addition to the effects of the first aspect, the following 
effects are obtained, 

( 1 ) Since the heat transmission coefficient of the ceiling part 
or roof part and the wall part is 0.1 W/m* through 0.7 W/m*, 
preferably, 0.15 w/m 2 K through 0.35 W/m 2 K, the heat loss amount 
from the ceiling part or roof part and the wall part can be 
suppressed and the indoor airtightness and heat insulation can 
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be increased/ and heated indoor air or cooled indoor air can 
be greatly suppressed from leaking from the ceiling part or 
roof part and the wall part- As a result, sufficient cooling 
and heating effects can be obtained by the low cool ing and heating 
capacities of cooling devices and the floor heating device, 
energy-savings for the cooling devices and the floor heating 

device can be realised. 

According to the third aspect of the invention, in addition 

to the effects of the first and second aspects, the following 

effects can be obtained. 

( 1 ) Since a programmed ventilator is provided, even in the case 
where the inside of the housing is made high in airtightness 
so as to have an equivalent clearance area of 0.1 cm 2 /m 2 through 
0.95 cmVm 2 or 0.3 cj&Vm 2 through 0.6 cmVm 2 , the indoor air can 
be ventilated by the programmed ventilator as programmed. 
Therefore, the humidity of the inside of the housing can be 
maintained within an optimum humidity range of 40% through 60% 
throughout the year, infestation of ticks, growth of molds, 
and indoor condensation can be prevented f whereby comfortable 
healthy living and working spaces can be realized. 
(2) Since the whole indoor air can be forcibly ventilated by 
the programmed ventilator as programmed , the air inside the 
housing with high airtightness can be always exchanged with 
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fresh air y whereby a comfortable Indoor environment can be 
realized. 

According to the fourth aspect of the invention, in 
addition to the effects of the first through third aspects, 
the following effects can be obtained. 
^ (1) Since a wellhole part with an opening proportion of 15% 

through 50%, preferably 20% through 50% of the lower floor area 
^ is Provided, radiant heat obtained from the floor heating device 

Q provided at the floor part of the lower floor can be transmitted 

Ld to the upper floor through the wellhole part, and radiant heat 

\ e * can be further obtained by striking far infrared rays from the 

111 floor heating device on the inner walling at the ceiling part 

»I of the upper floor . Therefore, without providing a floor heating 

device and various heating devices for the upper floor , both 
the lower and upper floors can be heated by only the floor heating 
device of the lower floor, whereby energy-savings can be achieved. 
Also, both formation of a much larger wellhole part and higher 
heating effects with energy-saving performance than in the 
conventional example can be achieved at the same time, 
(2) Since the opening proportion of the wellhole part is 15% 
through 50%, preferably 20% through 50% of the floor area of 
the lower floor, the upper floor can also be sufficiently heated 
by the floor heating device of the lower floor, and a sufficient 
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floor area can be secured for the upper floor ♦ Therefore, the 
energy-saving housing has excellent practicability. 

According to the fifth aspect of the invention, in addition 
to the effects of the first through fourth aspects , the following 
effects are obtained- 

(1) Since the heat transmission coefficient of the opening at 
the window parts and the door part of the entrance is 1,4 W/ra*K 
through 2 - 5 W/m 2 K, the heat loss amount of the indoor heat leaking 
from the openings to the outside and the heat loss amount due 
to heat of the outdoor air entering the inside from the openings 
can be suppressed, high airtightness and high heat insulation 
of the energy-saving housing can be maintained, and loads on 
the floor heating device and cooling device of the energy-saving 
housing can be suppressed, whereby indoor air conditioning can 
be carried out by a small amount of energy* 

According to the sixth aspect of the invention, in addition 
to the effects of the first through fifth aspects , the following 
effects can be obtained, 

(1) Since the heat insulator at the wall parts and the ceiling 
parts or roof part are made from soft foamed urethane sprayed 
on the structural boards at the wall parts and the ceiling parts 
or roof part, the soft foamed urethane can be closely fitted 
and adhered to any gaps. Therefore, different from glass wool 
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and hard urethane in the conventional example, gaps are not 
formed between the structural boards and heat insulators, 
whereby heat insulation performance can be further improved , 
and deterioration such as separation from the structural boards 
with the elapse of time as in the conventional case of glass 
wool and hard urethane can be prevented, excellent durability 
is obtained, a high heat insulation effect can be maintained 
for a long period of time, and therefore, high reliability of 
heat insulation performance can be obtained, 
( 2 ) Since the heat insulators are formed by spraying soft foamed 
urethane on structural boards, heat insulators can be easily 
formed on necessary locations by only spraying at the housing 
construction site, whereby housing construction work 
efficiency can be improved. 

(3 ) Since the heat insulators are made from soft foamed urethane, 
they have flexibility and can adapt to shrinkage due to 
earthquakes and dryness of the structural members, whereby, 
different from the conventional hard urethane, the heat 
insulators are excellent in durability without cracks and 
separation from the structural members and boards due to 
vibrations and expansion and contraction of the structural 
members . 

According to the seventh aspect of the invention, in 
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addition to the effects of the first through sixth aspects, 
the following effects are obtained. 

(1) Since a reinforcing mesh shaped into an equal -spaced grid 
is provided and laid under the hot water pipes in the heat 
accumulating layer of the floor heating device/ when piping 
, 3 the hot water pipes, the hot water pipes can be piped based 

0 on the grid of the reinforcing mesh, and the conventional marking 

S when piping the hot water pipes becomes unnecessary, whereby 

3 Piping work efficiency for the hot water pipes becomes excellent, 

j (2) Since the hot water pipes can be piped based on the grid 

of the reinforcing mesh, the hot water pipes can be easily 
provided at necessary locations except for locations such as 
a sink at which floor heating is not necessary, and therefore, 
construction work efficiency for the floor heating device is 
excellent * 

(3) Since the hot water pipes are piped to tie to the upper 
side of the reinforcing mesh, after piping the hot water pipes, 
walking on the reinforcing mesh is possible while avoiding the 
hot water pipes so as not to step on the laid hot water pipes, 
whereby construction work efficiency for the floor heating 
device can be improved. 
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